Introduction

28
In small ruminants, the constant increasing devel-29 opment of anthelmintic resistances nowadays severely 30 impairs the control of gastrointestinal trichostrongylo- 
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RUMIN 2742 1-6 sis based on chemical drugs (Sangster, 1999; Jackson 32 and Coop, 2000) . Resistances to the three main fami-33 lies of broad spectrum anthelmintics available for the 34 control of trichostrongyles have now been described 35 worldwide in most nematode species (Sangster, 1999; 36 Jackson and Coop, 2000; Kaplan, in press). Therefore,
37
there is an urgent need to seek alternative or comple-38 mentary solutions to anthelmintics as well as to im-39 prove the use of the drugs currently available in order 40 to preserve their efficiency in the future (Waller, 1999) . However, information on the influence of similar fac-80 tors on the receptivity and/or susceptibility to nematode 81 infections were not available for dairy ewes.
82
The present study was performed to determine 83 within flocks of dairy ewes whether the age or the level 84 of milk production might also modulate the response 85 to gastrointestinal nematodes.
86
Materials and methods
87
The survey was conducted in 2002 in three dairy ewe 88 farms, from one of the main areas of ewe milk produc-89 tion in France, i.e. the Basque Country. In the three 90 farms, the ewes were grazing for the whole year with 91 lambing time occurring in November-December. Af-92 ter 40 days spent for lambs, the ewes were milked from 93 January to June/July. Three groups of 20 ewes were se-94 lected and surveyed within each farm. One group was 95 composed with 20 ewes in first lactation which were 96 randomly selected. The two other groups were com-97 posed with multiparous, adult ewes which were 3, 4 98 or 5 years old. Within each farm, within the pool of 99 these 3-5-year old animals, the ewes were classified 100 according to their level of milk production, based on 101 (i) the mean records of the previous year and (ii) the 102 mean yield of the first month of lactation, i.e. at a time 103 when nematode challenges were low. In each farm, af-104 ter classification of the ewes according to these two 105 criteria, the two additional groups of 20 multiparous 106 ewes were composed, one corresponding to ewes with 107 a relative high level of milk production and the second 108 one corresponding to the ewes with the low level of 109 production. The values of both criteria characterising 110 these two subgroups of selected multiparous ewes per 111 farm are described in Table 1 .
112
During the grazing season, individual faecal and 113 blood samples were taken from the 60 ewes per farm, 114 four times per year, i.e. in February, at the end of March, 115 in May and at the end of September. In the three farms, 116 the ewes were treated with anthelmintics during sum-117 mer, i.e. respectively, with closantel (Seponver ® ) at the 118 beginning of August and at the start of September in 119 farms 1 and 2 and with fenbendazole (Panacur ® ) at the 120 beginning of August in farm 3.
121
Individual faecal egg counts (FECs) were performed 122 using a modified Mc Master method (Raynaud, 1970) . 123 These data were completed by larval cultures to as-124 (Fig. 1a) .
151
In contrast, the values of egg excretion were usually 152 found to be higher in the first lactating ewes than in which confirmed significant differences in farms 2 and 157 3 (P < 0.01) (Fig. 1b) .
Generic composition of nematode
158 populations (Fig. 2) 
159
When pooling the data obtained on the four different 160 sampling dates, the infective larvae of Teladorsagia sp. 161 were found to represent, respectively, 78.0, 72.9 and 162 69.9% of the nematode larvae recovered from the larval 163 cultures in the three farms. Haemonchus larvae were 164 present on the three farms at a low level, ranging from 0 165 to 16.4% depending on the farm and the time of the year. 166 high and the low producing adult ewes in the three 174 farms did not indicate any differences between these 175 two groups, with the exception of the phosphate values 176 in farm 3, which were significantly lower in the HP 177 than in the LP group (P < 0.04) (Figs. 3a and 4a) .
178
In contrast, on the three farms, differences were re-179 peatedly observed between the first lactating and the 180 multiparous ewes both for the pepsinogen and the phos-181 phate values (Figs. 3b and 4b) . In general, these statisti-182 cal differences corresponded to higher pepsinogen val-183 ues and lower inorganic phosphate values found in the 184 multiparous ewes compared to the primiparous ones. 185 Significant differences between these two groups were 186 found for the two measurements in farm 2 (pepsinogen: 187 P < 0.05; phosphate P < 0.01), and for the phosphate 188 values in farm 1 (P < 0.01). 
236
Whereas only minor differences in parasitism were 237 found between the ewes depending on the level of pro-238 duction, differences appeared to occur depending on animals. This conclusion is supported by consistent re-241 sults obtained for all three measurements. In the three 242 farms, the egg excretions were generally higher in the 243 first lactating ewes than in the multiparous ones and 244 these differences were statistically significant on two 245 farms. This result suggests the presence of higher worm 246 populations in the youngest animals and is similar to 247 previous findings in goats (Hoste et al., 1999 (Hoste et al., , 2001 2002b). As has been suggested for goats, it can be hy-249 pothesized that the higher receptivity of the first lacta-250 tion ewes is due to the lack of or to the low intensity 251 of previous contacts with trichostrongyles and the ab-252 sence of an immune response able to regulate the worm 253 populations as in older ewes.
254
Overall, when examining data from the three farms, 255 the multiparous ewes were usually found to present 256 higher pepsinogen and lower phosphate values. These 257 results suggest that more severe pathophysiological 258 changes occurred in the multiparous than in the primi-259 parous ewes. Somehow, this appeared paradoxical with 260 the lower levels of egg output found in the adult ani-261 mals, suggesting lower levels of infections. However, 262 this apparent contradiction might be explained if one 263 postulates that the immune response developed by the 264 adult ewes, which regulates the worm biology, also neg-265 atively affects the digestive tissues and functions of 266 the host. Previous circumstancial evidence have been 267 acquired supporting such a hypothesis of the involve-268 ment of some immunopathological processes in the ori-269 gin of the structural and/or functional damages associ-270 ated with the presence of gastrointestinal nematodes 271 (Pullman et al., 1991; Larsen et al., 1999; Meeusen, 272 1999; Balic et al., 2000) .
273
In dairy goats, the differences observed in recep-274 tivity and/or susceptibility between does within a flock 275 depending on the age or on the level of production were 276 used to provide the rationale for a selective application 277 of anthelmintics (Hoste et al., 2002a) . Our current re-278 sults confirm that ewes in first lactation should repre-279 sent the target of specific surveillance and possible se-280 lective treatments within dairy flocks as it has also been 281 suggested in meat producing sheep (Leathwick et al., 282 1995) . However, in multiparous ewes, it appears from 283 our study that the identification of animals to be treated 284 could not rely only on epidemiological information on 285 differences in receptivity to nematode infection. Con-286 sequently, innovative methods of diagnosis should be 287 developed and evaluated for this category of animals. 288 
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